Cis boleti (Coleoptera: Ciidae) preferentially colonizes fungi from the genus Trametes that are known as important wood decomposers. The aim of our research was to investigate if C. boleti uses the chemical volatile composition of its fungal host, Trametes gibbosa, as a key attraction factor. Therefore, the T. gibbosa fruiting body volatiles were analysed by using gas chromatographymass spectrometry, with parallel electroantennographic detection (GC-MS/EAD) using adults of C. boleti. Furthermore, we examined the behavioral responses of C. boleti to the T. gibbosa volatile compounds. The dominant component of the T. gibbosa fruiting body bouquet was 1-octen-3-ol. Other volatiles, like the aldehydes hexanal, nonanal, and (E,E)-2,4-decadienal and the terpene a-bisabolol, were present in minor quantities. 1-Octen-3-ol was released with a ratio of the (R)-and (S)-enantiomers of 93:7, respectively. Electroantennography (EAG) employing C. boleti antennae yielded consistently dominant responses to 1-octen-3-ol. GC-EAD and EAG responses to pure standard compounds showed that C. boleti also perceived other host fungal volatiles. A highly significant attraction to 1-octen-3-ol was observed in behavioral tests. Female beetles were significantly attracted to the (S)-(+)-enantiomer at 10 times lower doses than male beetles. Our finding is the first direct proof that ciid beetles use 1-octen-3-ol as a key cue for host finding.
Introduction
Wood-rotting fungi, like bracket fungi, are known to release a wide range of volatile organic compounds (VOCs) such as alcohols, aldehydes, esters, ketones, acids, and terpenoids (Gross et al. 1989; Fäldt et al. 1999; Rösecke and Kö nig 2000; Ewen et al. 2004; Thakeow et al. 2006; Ziegenbein et al. 2006) . Two important features of these fungal volatile patterns are the group of 8-carbon aliphatic compounds (C8 compounds) and the group of terpenoids (Fäldt et al. 1999; Thakeow et al. 2007 ). The C8 compounds as octanols, octenols, and octanones are common and contribute to the typical fungal odor (Tressl et al. 1982; Wurzenberger and Grosch 1982; Gross et al. 1989 ). Especially, 1-octen-3-ol, known also as mushroom alcohol, is the most characteristic fungal volatile, being used as aroma in several food industries (Hadar and Dosoretz 1991) . The pattern of VOCs released by fungi is often species specific (Wheatley 2002) . However, recent analyses showed that VOC pattern may be affected considerably by the developmental stage and/or the type of fungal substrate (Wheatley et al. 1997; Zeppa et al. 2004; Thakeow et al. 2007 ). Fungi of the genus Trametes (Basidiomycetes) are growing on different substrates as the trunks of dead trees, stored wood logs, and construction wood causing considerable economic losses (Zabel and Morrell 1992) . At the other side, these fungi are ecologically important as major organisms decomposing biomass in forests (Boddy 1991; Boddy and Watkinson 1995) .
Ciid beetles belong to the family Ciidae (Coleoptera) and are a group of fungivorous insects that colonize bracket fungi (Basidiomycetes: Polyporaceae) (Lawrence 1973; Hanski 1989) . Most ciid beetles are smaller than 3 mm, and host specificity ranges from monophagous to polyphagous. For example, Cis bilamellatus has no host preference among bracket fungi, whereas Cis nitidus is specialized to Ganoderma adspersum (Guevara et al. 2000b ). Cis boleti is oligophagous, its host range is restricted to the genus Trametes (Fossli and Andersen 1998; Guevara et al. 2000b) , and it is often found associated to Trametes gibbosa and Trametes versicolor in the German beech forests. To the best of our knowledge, there are no direct evidences of which chemicals are perceived for host selection of ciid beetles, although it has been hypothesized that the chemical composition of fungal volatiles plays an important role Nordlander 1995, 2004; Guevara et al. 2000 Guevara et al. , 2000b Komonen and Kouki 2005) .
To find out whether fungal volatiles play a role in host selection of ciid beetles, we characterized the fungal volatiles of T. gibbosa using gas chromatography-mass spectrometry (GC-MS), verified the antennal responses by GC-electroantennographic detection (GC-EAD), and performed behavioral tests for host selection of C. boleti.
Materials and methods

Collection of fungi and insects
Fruiting bodies of T. gibbosa (Pers.) Fr., growing on decayed beech (Fagus sylvatica), were collected from a natural forest protection area close to Gö ttingen (Germany), called Königsbuche. The fruiting bodies were stored in a cool, dark room at 10°C throughout the experiments. In order to prevent desiccation, the fruiting bodies were sprayed with tap water every week. Adults of C. boleti were taken directly from the T. gibbosa fruiting bodies, sexed, and used for all experiments.
Extraction of T. gibbosa volatiles
In order to obtain a sufficient sample of volatile compounds from the T. gibbosa fruiting bodies, we performed a Soxhlet extraction. Twelve grams of T. gibbosa fruiting bodies were cut into small pieces and were put in an extraction thimble. Soxhlet extraction was carried out using a conventional system consisting of 250-ml round bottom flask. The extraction was done with 150 ml dichloromethane (GC grade, Merck, Darmstadt, Germany) for 6 h at the solvent reflux temperature. The original extract was reduced to 2.0 ml on a rotary evaporator at 40°C and standard atmosphere. The final extract was stored at ÿ80°C and used for T. gibbosa volatile identification as well as for the physiological and behavioral tests of C. boleti.
Trametes gibbosa headspace analysis and emission rate of 1-octen-3-ol In order to investigate the headspace constitution of the T. gibbosa bouquet, we decided to collect the fungal headspace volatiles using prepacked Tenax-TA type adsorbent tubes (Gerstel, Mülheim an der Ruhr, Germany, article number 012260-005-00). The adsorbents (60/80 mesh) have a surface area of 35 m 2 g ÿ1 and a density of 0.25 g ml
ÿ1
. The dimension of adsorbent bed is 60 mm in length and 4 mm in diameter. The sampling was carried out for 30 min using close-loop stripping technique with a flow rate of 160 ml min ÿ1 . Each sample, ;1 cm 3 of fruiting body, was placed in a 250-ml polytetrafluoroethylene (PTFE) bottle. We tested 2 samples of minimally (<10%) and 3 samples of fully (;100%) colonized T. gibbosa fruiting bodies. The sampling was started after each sample was placed in the PTFE bottle for 10 min. The headspace volatiles were then analyzed by means of GC and MS. After the headspace sampling was done, we dried the fruiting bodies in an oven at 105°C till a constant weight was obtained. The emission rate of 1-octen-3-ol was calculated by considering the quantity of released compound and expressed per mass of dried fruiting body and time (nanogram per gram per hour).
Chemicals 1-Pentanol (99%, Aldrich, Steinheim, Germany), 1-hexanol (99%, Aldrich), 3-octanol (>97%, VWR, Darmstadt, Germany), (E)-2-octen-1-ol (97%, Merck), 1-octanol (98%, Aldrich), 1-octen-3-ol (>98%, Merck), (S)-(+)-1-octen-3-ol (99.8%, ACROS, Geel, Belgium), (R)-(ÿ)-1-octen-3-ol (99%, ACROS), 3-octanone (>96%, VWR), hexanal (98%, Aldrich), heptanal (95%, ACROS), (E)-2-heptenal (97%, Aldrich), nonanal (>98%, Merck), (E,E)-2,4-heptadienal (90%, Aldrich),(E,E)-2,4-decadienal(90%, ABCR, Karlsruhe, Germany), acetic acid (>99.8%, Fluka, Buchs, Switzerland), propanoic acid (>99.5%, Aldrich), butanoic acid (99%, ABCR), hexanoic acid (98%, Merck), octanoic acid (>99%, Merck), a-bisabolol (>85%, Fluka), 2-pentyl furan (98%, ABCR), and 2-methyl phenol (>99%, Aldrich).
GC-MS analysis
A GC (6890N, Agilent Technologies, Palo Alto) coupled to an MS (5973, Agilent Technologies) was used for analyzing the constituents in the extract and the headspace VOCs of T. gibbosa. Two column types, HP-5MS (nonpolar column, Agilent Technologies), 30 m · 0.25 mm internal diameter (i.d.) and 0.25 lm film thickness, and INNOWAX (polar column, Agilent Technologies), 30 m · 0.25 mm i.d. and 0.25 lm film thickness, were used in order to validate the composition of the samples. The extract was injected in a quantity of 1 ll into the injector in the pulsed splitless mode at a temperature of 250°C. Helium was used as a carrier gas at a flow rate of 1.0 ml min ÿ1 . The oven temperature for the extract sample was programmed for an initial temperature of 50°C, held for 1.5 min, heated at a rate of 6.5°C min ÿ1 to 250°C, and held for 10.0 min at 250°C. The operating conditions of GC-MS for analyzing the Tenax headspace samples were as follows. A thermodesorption system with a cold injection system (Gerstel) was used. The tubes were heated up to 280°C in order to desorb the VOCs. The temperature program started at 40°C, held for 3 min, heated at a rate of 7.5°C min ÿ1 to 200°C, and held for 5 min at 200°C. Helium was used as a carrier gas at a flow rate of 1.0 ml min ÿ1 . The MS was operated in the scan mode in a range of 20-400 amu, a source temperature of 230°C, and electron ionization mode at 70 eV.
Identification and quantification of T. gibbosa volatiles
The chromatograms were preliminarily interpreted with Enhanced ChemStation version D.02.00.275 (Agilent Technologies), the Mass Spectral Search library of the National Institute of Standards and Technology (Gaithersburg, MD) , and the Massfinder version 3.0 software together with the library ''Terpenoids and Related Constituents of Essential Oils'' (Hochmuth, Kö nig, Joulain, Hamburg, Germany). The interpretation was confirmed by matching the mass spectra and retention times with those of authentic standards on the 2 different columns used. Linear retention indices were calculated for each identified volatile using the retention times of n-alkane series (from C 10 till C 23 ) as reference compounds, applying the linear equation developed by Van den Dool and Kratz (1963) . The quantification of 1-octen-3-ol was done by 5-point calibration of the standard compound and evaluation of peak areas in the selected ion-monitoring mode. Moreover, quantification of the volatile compounds was performed by passing the T. gibbosa extract on a GC and a flame ionization detector (GC-FID; Agilent Technologies) using 1-octen-3-ol as an internal standard.
The enantiomer identification of 1-octen-3-ol of the T. gibbosa extract was done in cooperation with Dr Holm Frauendorf (Institute of Organic and Molecular Chemistry, Faculty of Organic Chemistry, Gö ttingen University) by performing enantioselective GC on a Carlo Erba Instrument, HRGC 5300 Mega Series (Milan, Italy). The instrument was equipped with a 25 m · 0.25 mm i.d. column coated with heptakis (2,3-di-O-acetyl-6-O-TBDMS)-b-cyclodextrin (50% in OV1701) (Prof Kö nig, Hamburg, Germany). The injector (split/splitless) and FID were operated at 220°C and 240°C, respectively. The experiment was run isothermally at 80°C. Two standards of rac-1-octen-3-ol and (S)-(+)-1-octen-3-ol were used.
Electrophysiological measurements
The electrophysiological analyses were carried out with GC-MS/EAD, as described by Weissbecker et al. (2004) . The insect antenna was dissected and placed in an antenna holder (Professor Koch, Kaiserslautern, Germany) (Färbert et al. 1997) , where both ends of the antenna were immersed in an adapted insect hemolymph electrolyte solution (Kaissling and Thorson 1980) . The antennal activity of 10 males and 10 females of C. boleti adults was recorded. As the antennae of C. boleti adults are quite small (0.7-1 mm long), each excised antenna was mounted on antenna holder using a piece of filter paper to make sure that the contact with the electrolyte solutions was effective. This experiment was done by injecting 1 ll of T. gibbosa extract on an HP 6890N GC equipped with INNOWAX column, with the same parameters as for GC-MS analyses. The EAD was carried out under humidified air at room temperature with a flow rate at 20 l h ÿ1 . Electroantennography (EAG) was employed to confirm the responsiveness of the antennae to 10 ÿ3 dilution in paraffin oil (Uvasol, Merck) of the following chemicals: 1-pentanol, 1-hexanol, 3-octanol, (E)-2-octen-1-ol, 1-octanol, 1-octen-3-ol, 3-octanone, hexanal, heptanal, (E)-2-heptenal, octanal, (E)-2-octenal, nonanal, (E,E)-2,4-heptadienal, (E,E)-2,4-decadienal, acetic acid, propanoic acid, butanoic acid, hexanoic acid, octanoic acid, a-bisabolol, 2-pentyl furan, and 2-methyl phenol. For the 2 enantiomers of 1-octen-3-ol, we performed a dilution series from 10 ÿ6 to 10 ÿ3 in order to obtain a dose-response curve. Small pieces of filter paper (2 cm 2 ; Schleicher & Schuell, Dassel, Germany) were soaked with 100 ll of the standard dilution or paraffin oil only (control). The filter paper was inserted into a 10-ml glass syringe (Poulten & Graf GmbH, Wertheim, Germany). A reproducible stimulus was supplied by puffing 5 ml of air over the antenna (Schü tz et al. 1999) . The EAG response of the antennae was recorded for each standard dilution from at least 5 male and 5 female beetles. The response to paraffin oil was considered as negative control and was subtracted from all the reported EAG measurements.
Behavioral tests
Behavioral investigations were done by using a dual-choice bioassay. The setup consisted of a closed Petri dish (13 cm diameter) used as an arena. A filter paper (1.5 cm
2 ) treated with the tested sample (as T. gibbosa fruiting body extract or 1-octen-3-ol) was placed in a side part of the Petri dish (1 cm from the border), and a control filter paper treated with paraffin oil as control was placed in the opposite side. In a typical experiment, 10 animals of the same sex were placed in the middle of the Petri dish and were allowed to walk for 15 min in the darkness. The number of beetles was then counted, regarding the test compound area, the neutral area (a central segment of 2 cm), and in the control area. Two indices were calculated: the activity index (A c I) as the number of active animals (=total number of beetles placed in the arena minus the beetles in the neutral area) divided by the total number of beetles placed in the arena and the attraction index (A t I) as the number of beetles found in the test compound area divided by the number of active animals. The significance of the results was statistically evaluated by an analysis of variance using Statistica 7 (2004) (Statsoft Inc., Tulsa, OK).
We performed different bioassays with this setup. Experiment 1: This experiment was done in order to ensure the similarity of the T. gibbosa extract to the fruiting body volatiles. Trametes gibbosa extract was diluted with GC grade dichloromethane (Merck) to obtain a concentration of 1-octen-3-ol, which showed to have a similar release rate of 1-octen-3-ol as the fresh T. gibbosa fruiting body by performing headspace analysis of both samples. In one site of the Petri dish, 50 ll of the diluted T. gibbosa extract was dropped on the filter paper, and on the opposite side, a cube (1 · 1 · 0.5 cm 3 ) of fresh fruiting body was placed. Experiment 2: This experiment was done in order to measure the attraction of C. boleti to different doses of (R)-(ÿ)-and (S)-(+)-1-octen-3-ol. Dilution series of 10 ÿ5 -10 ÿ3 were prepared by mixing the pure enantiomers with paraffin oil. In one site of the Petri dish, 20 ll of paraffin oil solution was dropped on the filter paper, whereas on the opposite side, only paraffin oil (20 ll) was dropped on the filter paper as a control.
Results
Volatile compounds of T. gibbosa extract A total of 23 volatile chemical compounds were characterized with GC-MS and GC-FID analyses of T. gibbosa extract. The identified compounds are listed in Table 1 , where they are shown in an elution order according to the nonpolar column and they are classified with regard to their chemical functions. The volatile compounds were categorized into 6 broad groups: alcohols, ketones, acids, aldehydes, terpenoids, and aromatics. The most abundant compounds were 5 alcohols (49%) comprising 1-octen-3-ol, 1-hexanol, 1-octanol, 3-octanol, and (E)-2-octen-1-ol; 8 aldehydes (45%) comprising hexanal, heptanal, octanal, nonanal, (E)-2-heptenal, (E)-2-octenal, (E,E)-2,4-heptadienal, and (E,E)-2,4-decadienal; 1 ketone (5%) 3-octanone; and 1 terpene a-bisabolol. Two aromatics comprising 2-pentyl furan and 2-methyl phenol and 2 acids comprising hexanoic and octanoic acids were present in trace quantities. The most dominant compound was 1-octen-3-ol (37%), followed by hexanal (25%), nonanal (6%), (E)-2-octenal (5%), and 3-octanone (5%). More detailed information is given in Table 1 . In the headspace analysis, there were totally 15 volatiles identified. The volatile pattern was different from the extract, but both displayed similar volatile profile with 1-octen-3-ol being the dominant volatile and followed by hexanal. In addition to 1-octen-3-ol, and the other 4 alcohols previously identified, here we detected 1-pentanol. However, this compound was also present in the fruiting body extract, but it was coeluted with the solvents. Among the other chemicals, we detected 4 aldehydes comprising heptanal, (E)-2-heptenal, octanal, and nonanal; 1 ketone 3-octanone; 2 aromatic compounds 2-pentyl furan and 2-methyl phenol; and 1 terpene b-bisabolene.
The emission rate of 1-octen-3-ol in the headspace was calculated by comparing minimally and fully colonized fruiting bodies. 1-Octen-3-ol was found to be released at almost 20 times higher dose in minimally colonized fruiting bodies (960 ± 250 ng g ÿ1 h ÿ1 ) than in fully colonized fruiting bodies (50 ± 10 ng g ÿ1 h ÿ1 ). This result was highly significant [F(1,7) = 277.97, P < 0.001].
The enantioselective GC of 1-octen-3-ol showed an average a-value of 1.04 ± 0.02 for the 2 enantiomers (R)-(ÿ)-and (S)-(+)-1-octen-3-ol. In the fruiting body extract, the enantiomer ratios of (R)-(ÿ)-and (S)-(+)-1-octen-3-ol were 92.9% and 7.1%, respectively.
Electrophysiological response of C. boleti antennae to T. gibbosa volatiles Two types of experiments, GC-EAD and EAG, were carried out to study the electrophysiological response of C. boleti to its host volatiles as shown in Table 2 . The GC-EAD analysis of T. gibbosa extract yielded consistent responses to 1-octen-3-ol. The antennal activity of 10 males and 10 females of C. boleti adults was recorded, and only 1 male and 2 female antennae did not show antennal response in correspondence with the elution of 1-octen-3-ol at the retention time of 12.93 min (Figure 1) . We also recorded few responses to 3-octanone, in both male and female antennae (2 males and 1 female). Afterward, all the volatiles (23) present in the fruiting volatile body extract were tested in a 10-ng quantity by performing GC-EAD to C. boleti antennae. It was found that 6 out of the 23 compounds were able to elicit antennal activity at different intensity. Those compounds were (E)-2-heptenal, 1-octen-3-ol, 3-octanone, octanal, (E,E)-heptadienal, and nonanal. Among them, 1-octen-3-ol induced the strongest response (0.46 mV), whereas the other compounds elicited weaker responses in a range of 0.1-0.2 mV.
The EAG experiments of the same 23 standard compounds (10 ÿ3 dilution in paraffin oil) showed that acetic acid elicited similar responses as the paraffin oil; therefore, it was not considered as a stimulating compound. Propanoic and butanoic acids as well as (E,E)-2,4-decadienal and a-bisabolol elicited very weak responses. 1-Hexanol as well as the 4 C8 alcohols (1-octanol, 3-octanol, 1-octen-3-ol, and (E)-2-octen-1-ol) elicited strong EAG responses. A lower response was observed for 1-pentanol. In addition, there were 4 aldehydes (heptanal, (E)-2-heptenal, (E,E)-2,4-heptadienal, and nonanal) that excited the antennae in the same range as the alcohol compounds. Dose-response curves of both enantiomers of the most sensitively detected compound, (R)-(ÿ)-and (S)-(+)-1-octen-3-ol (10 ÿ6 -10 ÿ3 in paraffin oil) for C. boleti males and females were recorded (Figure 2) . No significant differences were observed in the EAG response to either enantiomer between the sexes [(R)-form, F(1,36) = 3.72, P = 0.06; (S)-form, F(1,36) = 2.55, P = 0.12]. There were, however, differences with respect to the sexes and doses [(R)-form, F(3,36) = 10.41, P < 0.001; (S)-form, F(3,36) = 8.32, P < 0.001]. Among the ranges of the tested doses, the female beetles showed a small amount of scatter in their responses yielding 3 stages of dose discrimination at 10 ÿ6 , overlap of 10 ÿ5 -10 ÿ4 , and 10 ÿ3 . In comparison, the male beetles showed a higher degree of scatter in their responses yielding only 2 stages of discrimination at 10 ÿ6 -10 ÿ4 and 10 ÿ3 .
Behavioral test
To ensure the similarity between the fruiting body and the extract, a behavioral test was carried out. The attraction index of the fruiting body against the extract was 0.53. The activity index, which measures the induction of insect movement and searching behavior, was equal to 0.65. The attraction index revealed no statistical difference, showing that the extract has a similar attraction as the fruiting body. A second experiment was carried out to test the preference of C. boleti males and females to the 2 enantiomers of 1-octen-3-ol. The results are illustrated in Figure 3A ,B, showing the attraction index and the activity index, respectively. No statistical difference was found between the sexes in the attraction to the 2 enantiomers [F(1,52) = 0.49, P = 0.48]. In each sex, significant differences were observed in the attraction to each of the enantiomers [F(1,52) = 6.50, P < 0.059] and among the different dilutions [F(2,52) = 34.67, P < 0.001]. The male beetles were significantly more attracted to both enantiomers at a dilution of 10 ÿ3 compared with a dilution of 10 ÿ4 and 10 ÿ5 . The female beetles were significantly more attracted to (R)-(ÿ)-1-octen-3-ol at a dilution of 10 ÿ3 , but for the (S)-(+)-1-octen-3-ol, they were already significantly more attracted to a dilution of 10 ÿ4 . In Figure 3B , the activity index induced by (R)-(ÿ)-1-octen-3-ol was high for both male and female beetles throughout the range of dilutions examined. The activity index of the male beetles induced by (S)-(+)-1-octen-3-ol was increased to the level of the (R)-(ÿ)-enantiomer at a dilution of 10 ÿ3 , whereas the female activity reached this level already at dilutions of 10 ÿ4 .
Discussion
In ciid beetles, fungal VOCs have been proposed as a mechanism in host finding Nordlander 1995, 2004; Fäldt et al. 1999; Guevara et al. 2000a) . It has been hypothesized that 2 main VOC fractions may play an important role in host finding by ciid beetles: C8 compounds and terpenoids (Fäldt et al. 1999; Guevara et al. 2000a ). In T. gibbosa fruiting body, we found a range of volatile compounds, including alcohols, terpenoids, aldehydes, and aromatic compounds. Dichloromethane extract of T. gibbosa fruiting body showed a composition dominated by 1-octen-3-ol (37%) and other 7 C8 compounds. The terpenoid fraction was characterized only by 1 sesquiterpenic alcohol, a-bisabolol. This compound was found in high proportion also in other woodrotting fungi as Schizophyllum commune (Ziegenbein et al. 2006) and Phlebia radiate (Gross et al. 1989) . Interestingly, in the headspace analysis, we did not find this compound but b-bisabolene in trace quantity. Bisabolene and bisabolol share the same precursor, farnesyl diphosphate (Jones et al. 2006) . Bisabolene is released by enzymatic reaction from fungal tissues, and bisabolol is proposed to be a product of hydrolysis (Benedict et al. 2001; Köllner et al. 2004) . Fruiting body extract and headspace share a similar volatile profile, although acidic compounds were not detected in the headspace, being possibly by-products of acid hydrolysis of Soxhlet extraction. Extraction method allowed the identification of 3 aldehydes, which were not identified by headspace analysis, comprising (E,E)-2,4-heptadienal, (E)-2-octenal, and (E,E)-2,4-decadienal. We analyzed the release rate of 1-octen-3-ol in 2 different colonization stages, and we found that T. gibbosa releases from 50 to 1000 ng g ÿ1 h ÿ1 of 1-octen-3-ol, with a higher release rate in case of minimally colonized fruiting body. The higher release rate of 1-octen-3-ol in the minimally colonized fruiting body was most probably due to the fact that it was in a growing stage and had been additionally damaged by the insects. Whereas, the likely reason why there was a lower release rate in the fully colonized fruiting body was that tissues had been already consumed. Comparable release rates of 1-octen-3-ol have been found in other species of bracket fungi, also with a variation depending on the fungal age (factor of 100) and on the season (factor of 10) (Fäldt et al. 1999; Wu et al. 2005) .
The enantiomeric composition of 1-octen-3-ol released by T. gibbosa displayed a ratio of 93:7 of the (R)-and (S)-enantiomers, respectively. The R:S of other bracket fungi species range in a species-specific manner, from a minimum of 89% to a maximum 98% of the (R)-enantiomer (Ziegenbein et al. 2006) . For example, these authors found ratios of the (R)-and (S)-1-octen-3-ol of 90:10 in the wood-rotting fungi S. commune and 98:2 in Datronia mollis hydrodistillates.
By coupling GC with MS and EAD (GC-MS/EAD) of fruiting body extract, we proved for the first time that 1-octen-3-ol elicits consistent responses to C. boleti antennae. Furthermore, 3-octanone was found to elicit occasionally antennal responses in this concentration range. To prove if other T. gibbosa volatiles are perceived by C. boleti beetles, we performed GC-EAD analyses of all identified compounds in the extract by running 10 ng of each authentic standard through the GC-EAD. In these experiments, we found that the highest antennal response was elicited by 1-octen-3-ol, followed by 3-octanone, octanal, (E,E)-2,4-heptadienal, nonanal, and (E)-2-heptenal (Table 2) . A further investigation was done by performing EAG experiments with all volatiles identified in T. gibbosa at higher odor concentration (10 ÿ3 dilution in paraffin oil). Here we found that the acid compounds elicited very weak antennal responses, in agreement with the observation that they are not constituents of fruiting body volatiles but present in the extract as by-products. The alcohol fraction together with the aldehyde fraction elicited strong EAG responses. (E,E)-2,4-heptadienal showed similar response as 1-octen-3-ol, although in GC-EAD experiment we recorded a lower response than the one of 1-octen-3-ol. The only terpenoid with more than trace contribution to the fungal volatile pattern, a-bisabolol, elicited very weak EAG response. Moreover, in behavioral experiments, fresh fruiting body compared with fruiting body extract showed similar attraction to the beetles. We may therefore suppose that terpenoids do not play a major role in host finding. Therefore, we focus our attention on 1-octen-3-ol, which is the major component of the fungal volatile bouquet and elicits the strongest antennal response. In behavioral test, the female beetles showed a statistically higher attraction to a dose of the (S)-enantiomer equal to 10 ÿ4 , whereas a dose equal to 10 ÿ3 was necessary to show a statistically higher attraction for the (R)-enantiomer. The males were strongly attracted only to the high dose (10 ÿ3 ) and did not show a discriminated behavior between the 2 enantiomers. Moreover, the searching activity of female beetles was increased selectively by even the lower release rates of (S)-(+)-1-octen-3-ol. Such an enantiomeric discrimination has been observed in several other insect species, both at the electrophysiological and at the behavioral level (Ulland et al. 2006) , and convincing examples have been found in pheromone perception (Kozlov et al. 1996) . For instance, the cabbage moth, Mamestra brassicae, detected enantiomers of linalool with different intensity, showing 10 times higher sensitivity to (R)-(ÿ)-linalool than to (S)-(+)-linalool (Ulland et al. 2006) . However, in this study, it is the first time that an enantiomeric discrimination for ciid beetles has been demonstrated. The results of the behavioral assays suggested that female beetles play a major role in the fruiting body colonization of bracket fungi. This assumption is in agreement with the results reported by Fäldt et al. (1999) , where a higher number of wood-decomposing female beetles were found in 1-octen-3-ol baited traps. Moreover, also in the deathwatch beetle, Xestobium rufovillosum (Coleoptera, Anobiidae), females perform the first colonization of fungal decayed wood (Fisher 1940; Belmain et al. 1998) . The task of colonizing pioneers is not only to locate and to identify a suitable fungus species but also to assess the developmental stage and age of the fruiting body. Cis boleti is reported to be frequently a second colonizer following a first colonization made by the ciid beetle Octotemnus glabriculus (Guevara et al. 2000a) . The activity of the first insects colonizing a fungal host causes damage to the fruiting body and consequently alters the pattern of VOCs. This variation in the volatile profile may be an important hint for host suitability to second-colonizer ciid beetles and allows a successive colonization of the fungal fruiting bodies.
In this study, it was shown that minimally colonized fruiting bodies release 1-octen-3-ol at high emission rates. Moreover, it was demonstrated in the electrophysiological and behavioral tests that C. boleti beetles are able to perceive and to behaviorally respond to 1-octen-3-ol. The 2 enantiomers of 1-octen-3-ol affect the behavior of female and male beetles in a different manner. Thus, 1-octen-3-ol emission rate and enantiomeric ratio are important information for host fungus suitability. These results do not exclude that other volatiles detected at higher concentrations may contribute to host discrimination, whereas 1-octen-3-ol is important in host finding. Whether the differences in the enantiomeric ratios of 1-octen-3-ol in various fungal species are sufficient to allow ciid beetles to differentiate between fungal species needs further confirmation. In order to understand better the mechanisms of host selection in ciid beetles, more investigations of the volatile composition during fungal development are needed. Moreover, the distribution of the antennal sensilla as well as analysis with single sensillum recording could allow characterizing the olfactory structures responsible for enantiomeric discrimination and fungal volatile perception in these insects.
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